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Purpose:  
A small-footprint 1.5 Tesla superconducting MR-system was designed specifically to accommodate the special needs of the neonatal population and the space 
constraints in the NICU1,2. The system uses a small-format 1.5 Tesla superconducting magnet and exchangeable birdcage coils that act as body coils.  Although these 
quadrature volume coils provide excellent imaging performance, they are not suitable for imaging acceleration.  To enable parallel imaging we developed a compact 
10-channel receive array for neonatal abdomen and chest MRI. Development of the receive array also necessitated the creation of a transmit-only birdcage coil. 
Performance of the 10-channel array was evaluated with a phantom on the bench and with imaging in the magnet. 
 
Methods:  
An 18 cm ID high-pass birdcage coil was designed to serve as a transmit-only body coil. Sixteen rungs were constructed 
using flattened ¼” copper tubing. Because the system does not currently have active body coil disabling, transmit only 
operation was achieved by placing antiparallel diodes on every other conductor rung in the body coil.  These diodes 
present an open circuit under MR receive conditions, thus detuning the body coil. 
 The receive coil housing was constructed with two identical polycarbonate shells designed and 3D printed 
using FDM technology (Stratasys). When combined, the two shells form a thin cylinder designed to comfortably hold a 
swaddled baby.  To accommodate the arms of a neonate, each shell was given a cut out running from the head to the end 
of the torso. A cutout for the head was incorporated into the design to assure visibility of the neonate’s face and to 
support ventilation access.  The section of the housing containing the coil elements was 15.3mm thick on the top half 
and 16mm thick on the bottom half. Each paddle contained five overlapped resonant loops with one center loop 
surrounded by four other loops. The loops were constructed from flattened 1/8” copper tubing resulting in a 4mm trace 
with rounded edges. Each copper loop had an outer diameter of 53.5mm. A segment of semi-rigid coax cable connected 
each coil element to a balun placed in the end of the coil shell. In this part of the shell, the available space for electronic 
components was increased to accommodate the baluns. One paddle with exposed coils is shown in Figure 1, and the 
setup for imaging (including the 1.5T magnet) is shown in Figure 2.  Preamps were located outside the coil due to space 
restrictions.  The use of heavy copper coil construction, ridged coaxial cable, and baluns ensured that the remote 
location of the preamplifiers did not present a significant reduction in SNR3. 
 S-Parameters were measured with a rectangular copper CuSO4 phantom (98mm x 165mm x 97mm) inside 
the transmit coil with the receive coil at a fixed distance relative to the phantom and body coil.  NaCl2 was added to the 
phantom to approximate the loading presented by an infant. 
 Phantom experiments were performed with an orange using a fast spin echo sequence (90º flip angle, 
TR=5600msec, TE=117msec, FOV 10cm, 3mm slice thickness, NEX=1).  Reference and accelerated images were taken 
of a pomegranate using a fast spin echo sequence (90º flip angle, TE:120msec TR:5000msec, FOV 18cm, Matrix 
384 x 384, slice thickness 3mm, NEX 1). Reference and accelerated images were also taken with a gradient echo 
sequence (4º flip angle, TE:1.9msec, TR:7.5msec, FOV 18cm, Matrix 256 x 256,  slice thickness 3mm, NEX=1). Low 
flip angle experiments were chosen to match existing protocols for quantitative density measurements in neonate lungs. 
 
Results and Conclusion:  
All coils were matched better than -10dB to the load. Considerable coupling was observed only between the elements in 
each paddle with the largest S21 of -5dB. The coupling between different paddles was lower than -24dB for all channels 
(Table 1).  An average loading factor of 2.5:1 was measured for the phased array with an average unloaded Q of 266.  
Dependence of the S-Parameters in the coils geometrical position inside the body coil was observed.  This behavior can 
be explained by the close proximity of the birdcage’s RF shield and the conducting (albeit non-resonant) structures in 
the transmit coil. Nevertheless imaging experiments showed good performance of the array for standard imaging 
(Figure 3), and accelerated imaging for different sequences (Figures 4 and 5). 
 Our Neonatal MR scanner has proven to be a viable platform for diagnosing pulmonary abnormalities3. 
The novel 10-channel receive array will further advance the ongoing neonatal pulmonary and cardiac MR imaging 
efforts.  IRB approval has been obtained for the coil and further experiments will be conducted in-vivo with the 
phased array to enable the advantages of parallel imaging capabilities on the dedicated 1.5T NICU MRI System. 
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Figure 1: Anterior paddle with five loop 

receive coils. 

 
 
Figure 2: Coil Setup on the NICU system.    

CH 1 2 3 4 5 6 7 8 9 10
1 -24 -12 -9 -5 -9 -29 -25 -24 -31 -27
2 -35 -8 -11 -5 -31 -28 -25 -30 -24
3 -11 -7 -8 -35 -32 -31 -34 -30
4 -14 -11 -33 -25 -26 -36 -26
5 -14 -36 -28 -25 -32 -25
6 -10 -5 -8 -10 -9
7 -13 -8 -8 -13
8 -14 -14 -11
9 -13 -6
10 -14  

 
Table 1: S-Parameter Matrix in dB.           
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Figure 3: Coronal images of an orange as 
phantom. 

Figure 4: Coronal fast spin echo images of a 
pomegranate as phantom a) no acceleration b) 2 fold 
acceleration c) 4 fold acceleration. 

Figure 5: Coronal gradient echo images of a 
pomegranate as phantom a) no acceleration b) 
2 fold acceleration c) 4 fold acceleration. 
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